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@ Controller for a display with multiple common lines for each pixel. 



There is disclosed a system (45, 55) for con- 
trolling a high resolution colour discrete level 
display device, wherein the display device can 
have multiple common lines (80, 81, 82) for each 
line of pixels. A frame buffer controller system 
(45) is disclosed which is adapted to utilise the 
multiple common lines in a number of different 
modes, producing a number of different output 
speeds for the display. Means (126, 127) are also 
disclosed for dithering the pixel data in accord* 
ance with the output modes. Further, the sys- 
tem is capable of displaying Images, such as 
fonts or the like, at an increased resolution than 
that which would otherwise be possible. 
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dkni« o,T°, T", " fe J ateS 10 th d,Splay ° f ima96S 00 8 ^ch as a colour computer 

display or a video d.splay and. more specifically, the display of imag s on a display apparatus such as a ferra 
elertnc l.qu.d crystal display, which is a discrete level display having a memory capaESy 88 
in recent y ars. comput r workstations, comprising a computational devic . input d vices and disolav de- 

^tSr^ r u,ar ,n addilion ,ne demand ,or h ^ h "° wered 5£ 

ity. high resolution displays has also increased dramatically. 

Normally these demands are partially satisfied through the provision of Cathode Rav Tube fCRn tw» 
vices capable of high resolution dispiay. However, such devices tend to be extreme^ 
weight and consume large amounts of power. excessive 

Recently, it has been proposed to provide a high resolution discrete level display havino a lam* ram h« 
of pixels, with the pixels arranged in iines. and with each pixel having a plurality S ndependTnt.y 2X areas 
wrfh the overall pixel able to disp.ay a predetermined number of different discrete levels. The inTpendenS 
se table areas being controlled by a series of intersecting drive and common lines, are designed SSlSI 
determined voltages to each pixel of the display. Examples of these types of displays include Tergal dlT 
Plays, plasma displays and electro-luminescent displays. * 

It is an object of the present invention to provide a display driver system, suitable for use with a disolav 
having a pixel arrangement as hereinbefore described P y 

prisiJg aCCOrdanCe With 3 ,ifSt aSPeCt ° f PfeSent inVen " 0n thefe fe pf0vided a "•"P*" *°rk station com- 

SflH ™Ti! Utati0, !i a ? d data "^P"' 8 " 0 " unit inc,udi "9 ™*ns *» the creation and manipulation of images 

KSCELr^ ^ to a frame bufferin9 means and bei - 

fr»m<. Krf? f,am ! b !I fferin9 mea " S com P rlsin 9 8 frame storage means for the storage of images and a 
frame buffer contralto means connected to said computation and data manipulation unit and als3nnecteo 
to a high resolution discrete level display device; and connected 
said high resolution discrete level display device including a plurality of pixels which are smm ^ in 

an "^sts^ t ,ines> r each p ™ ,n a ,ine havin ^ 8 p'-'^-mtn dZzr 

h. 'mapes created or manipulated by said computation and data manipulation unit which are to 

ouent.?dS,° n r h t h T' Uti0n diSCrete ,evel ***** device « sto ^ in said frame buffera^suC 
quently displayed on said high resolution display device. 

Brief Description of the Drawings 

nying^d e ra wt g ^n::ct iment * " "° W be * M ^ refere "" to *. 8 -mpa- 

SsInUnSn?" ° Vera " """^ inc <*"**^ <"* P^red embodiment of the 

Fig. 2 illustrates a plan view of a preferred form of a single pixel of a FLCD display panel; 

2 en 3 .'" U tr , ° f , POSSible ' eVelS ° f the red 8nd & e * n Prions of the single pixel of Fig 2 
when the display is dnven in a forced fast mode- 9 ' 

2in^T teSthenUmDer ^^ 

Sen SSI ° f P0SSib ' e ,eVe ' S ° f ^ and POrti ° nS ° f 3 Pbte ' Wh8n the * 

^illustrates the numberof possible blue. eve.s when the pixel an-angement of Fig. 3 is driven in norma. 

Fig. 7 illustrates, in more detail, the display unit controller of Fig. 1- 

Fig. 8 illustrates the rendering of a Times Roman character 'A'- 

Fig. 9 illustrates normal result produced when rendering the character A of Fig. 8; 

Fig. 11 illustrates the method of determining which portions of a pixel to illuminate- 
Fig. 12 illustrates e portion of the display unit controller of Fig. 1 in more detail; 
Fig. 13 illustrates the process of multi-level dithering; 
Fig. 14 illustrates th ptimis d dith r unit of Fig. 7 in more detail- 
Fig. 15 illustrates th sub dither unit of Fig. 7 in mor detail- 
Fig. 16 il.ustrat s th Forced Fast Mode Det ction Unit of Fig. 7 in more detail; 
Fig. 17 illustrates a flow chart which is incorporat das part of th updat stat machine of Fig. 2; 
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Fig. 18 illustrates a display data packet utilised by the display system. 
Fig. 19 illustrates a panel controller and FLCD panel of Fig. 7 in more detail; 
Fig. 20 illustrates the panel controller of Fig. 1 in more detail; 
Fig. 21 illustrates a common line driver Tape Automated Bonded (TAB) chip; 
5 Fig. 22 illustrates a driver TAB chip of Fig. 7; 

Fig. 23 is a front perspective view of a computer workstation display system incorporating the preferred 
embodiment; 

Fig. 24 is a side-on view of the computer workstation display of Fig. 23; and. 

Fig. 25 is a cross-sectional of the computer work station display taken through the line XXV-XXV of Fig. 
10 23. 

Referring now to Fig. 1 , there is shown the preferred embodiment 1 of the computer workstation. This in- 
cludes a base computer system 2 which is organised around a central high speed bus 3. This high speed bus 
has connected via a high speed cache 4, a high speed microprocessor such as an Intel Pentium, Mips R4000, 
DEC Alpha (Registered Trade Marks) or the like. 
is Also connected to the bus 3 is a RAMBUS controller 6 which provides access to memory stored in an ex- 
pandable memory store 7. Power to the base computer 3 is provided via power supply 10. Voltages provided 
include 3.3 Volts and 5 Volts as required. 

In order to readily facilitate the transfer of information, two memory card ports 11, 12 are provided for the 
insertion of memory cards. Preferably the ports are designed to take standard PCMCIA memory cards. 
20 In order to ensure the proper initialisation of the preferred embodiment upon power-up, a boot ROM 13 is 

provided for the storage of the requisite system codes. Direct Memory Access (DMA) controller 14 is provided 
for the control of transfer of data between the various secondary memory storage areas and the main memory 
store 7. 

Adevice controller 15 provides the relevant 'glue logic' (known in the art) necessary to control the relevant 
25 devices by means of standard direct memory mapping techniques. 

A SCSI interface controller 16 is provided for controlling secondary storage devices such as hard disk drive 
1 7 and CD-ROM drive 20, in addition to providing a SCSI port 21 for the optional connection of additional de- 
vices. 

A serial controller 22 is provided for the control of various serial ports such as serial port A 23 and serial 
30 port B 24. An ethernet controller 25 is used to control dual ethernet device ports 26 and 30 which are included 
to allow the preferred embodiment 1 to be interconnected in a network with other computer devices. Audio con- 
trol is provided by an audio controller 31 which controls stereo audio channels 32, 33 in addition to an internal 
speaker device 34. 

A keyboard interface controller 35 controls, via keyboard port 36, a keyboard 37 and mouse device 40. 
35 Also connected to the high speed bus 2, via two buffers 41 , 42 is a series of expansion ports 43, 44. One of 
these expansion ports 44 is connected to a display interface unit 45. 

The display interface unit 45 includes a display unit controller 47 which is designed, through means of con- 
nector 48, to interact with the base computer system 2. 

The display unit controller 47 is further arranged to operate together with a frame buffer 49, and to take 
40 input information 50, from the computer system and to output via cable 52 packets of display line update in- 
formation, containing pixel by pixel information and panel drive information, to a panel controller 53 of a panel 
system 55. The panel controller 53 controls the forwarding of the relevant information to a series of display 
drivers 57, 58, 59 for output of an image on a high resolution display 60. Displays such as ferro-electric liquid 
crystal displays, anti ferro-electric liquid crystal displays, TN liquid crystal displays, plasma displays and elec- 
45 tro-luminescence displays can be used as the display 60. 

The display unit controller 47 of the present invention is arranged to operate with a pixel arrangement hav- 
ing multiple common lines. Referring now to Fig. 2, there is shown the preferred pixel arrangement. This ar- 
rangement has six sub-pixel areas 62-67 for the colour red, six sub-pixel areas 70-75 for the colour green, and 
three sub-pixel areas 77-78 for the colour blue. Therefore there are a totaJ of 1 5 separate sub-pixel areas. 
so The pixel 61 of the second embodiment has three common drive lines 80-82 and five data drive lines 84- 
88. Combinations of common and data drive lines control the various sub pixel areas 61-67, 70-78 at their in- 
tersection, in accordance with the following table: 
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and in unison. The multiple «JZ mT^W S ESS' ,B,B 7 "T S M driVe " s ™""aneous.y 
Mode allows a line of pixels to be updated atafa^L £ J T^""* drfv8a ° peration in Fast 

In Fig. 3 there is shown the mSS^ST T ? *** ' nCreaSin9 the rate of "Pdate. 
areas of the pixe. when ^tSSST^^SS 1 *" "» wd 8nd ^ sub 

.here „ shown the possi ble ieveis ^t^^K^^^ V° " - * * 4 
used.. dUU p,xei areas 76-78 (Fig. 2) when Forced Fast Mode is 
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R _ . — -~ u »»'w uK»uussea nereinatter — 

-.erSC^ 

poter 2 and to write corr spending pix I date to a l mo 7 rf / P '*!' ^ and simple «»"™ands from bas com- 
th contmlofaDRAMcontrol nZ 9 3 DMmITJ ^ er f 49 whi * ^udes 6 M gabytesof ORAM, under 

buff r49buffersth info^ationTb T^d^SS^i^?^^" '** 98 " Th f ™ 

spiay amostoften.nadith red form with th dith r information for 
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each pixel comprising 4 bits of red data, 4 bits of green data and 2 bits of blu data. Output information is tak n 
from the fram buffer 49 and, as will be describ d below, is optionally "sub-dith red" by a sub-dither unit 126 
before being packed together for output via lines 52 to the panel controller 53 (Fig. 1). 

In order to increase the speed with which the display unit controller is able to operate, all information pass- 
5 ing into or out of the frame buffer 49 is buffered by a series of FIFO queues 1 01-104. 

The display unit controller 47 also includes a processor-interface 112 connected to a 32-bit bus 220, ar- 
ranged to allow the display unit controller to interface, with a minimum of external logic, with a wide range of 
different computers that can interface with the 32-bit bus 220. 

An image fill engine 221 receives simple commands and pixel data from the processor interface 112 and 
w fills a rectangular region within the frame buffer with the pixel data as provided by the computer 2. The address 
data of the image area to be filled is forwarded to a fill address generator 100. This address data consists of 
four parameters being the starting X address, the starting Y address, the extent of the image data in the X 
direction and the extent of data in the Y direction. The fill address generator generates the requisite addresses 
in left to right, top to bottom order, for forwarding to the DRAM address interface 99. 
15 A region fill engine 223 fills a region defined by region addresses forwarded to the fill address generator 
with a colour defined by a predetermined entry of the CLUT 222. 

Four modes for inputting pixel data to display unit controller 45 are provided, namely: 

1. 8 bit colour mode: in this mode, colour data for four pixels is packed in each 32 bit word. The 8-bit pixel 

colour data is used to lookup an entry in a colour look-up table (CLUT) 222. The colour-lookup table 222 
20 is a 256 x 25 bit memory. Colour data input to the CLUT 425 (being either 1 bit or 8 bits) is converted to 

8 bits for each of red, green, and blue, plus a 1 bit write mask. 

2. 1 bit per pixel mode: in this mode, each processor word defines 32 pixels. The colour of each pixel is 
defined by a 24 bit current colour register in the CLUT 222. 

3. 16 bit colour mode: in this mode, two pixels are transferred with every 32 bit word. There are 5 bits for 
25 each of the red, green, and blue colour components. These components are fed directly to an optimised 
dither unit 127 for halftoning. 

4. 24 bit colour mode: in this mode, each processor word is a 24 bit colour, and is directly half toned by 
dither unit 127. 

The image fill engine 221 is provided to allow low speed computers to interact with the display unit con- 
30 trailer 45 to display still or moving images with minimum processing. This enables a processor with the equiv- 
alent power of an Intel 386 micro processor to update a 320x240 pixel movie window on the display 60 at 30 
frames per second. The display 60 is also able to display this window at 70 ms per line. It is therefore possible 
for a computer to keep up with the maximum display rate of the display 60 when displaying pixel image data. 
A pixel write FIFO engine 224 is provided for the efficient writing of individual pixels into the frame buffer 
35 49. It consists of a FIFO which is 8 words deep with each word consisting of: 

- A 24 bit colour 

- A 12 bit X address 

- A 12 bit Y address 

A FIFO is used so that pixels can be written without requiring the computer 2 (Fig. 1) to wait for the pixel 
40 write operation to complete before the next write operation (i.e. a system of posted writes is implemented). This 
allows for eight writes to be posted before any processor delay is imposed. Because the DRAM of the frame 
buffer 49 is operated in burst access mode, the latency for a particular write operation is highly variable. 

The dithering unit 127 converts the 24 bit colour data (input from pixel images, colour specifications, or 
the CLUT) into half toned data for the display 60. The 24 bit colour data is converted into 16 levels (4 bits) of 
45 red, 16 levels of green, and four levels (2 bits) of blue as will be described hereinafter. 

The half toned dithering unit output data 225 is forwarded to the frame buffer 49 via the FIFO 101 and 
DRAM data interface 98. 

A fine line drawing engine 226, is used in the drawing of fine lines into the frame buffer 49. This is of par- 
ticular use in applications such as Computer Aided Design (CAD) applications and is provided as an option in 
50 the display unit controller 45. The fine line drawing engine 226 accepts line descriptions from the processor 
interface 112 which contain the following information: 

- Start pixel coordinates (X & Y) 

- Start sub-pixel coordinates 

- Slope Value 
55 - Octant Value 

- Line L ngth in sub- pixels. 

Th fine line drawing engine uses a modified v rsion of a standard line drawing digital differ ntial analyser 
(DDA) which steps through th grid f subpixels ( .g. 5x3) at a high speed, the results over each pix I are ac- 
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5 vantegeouswhenusedtomovep^y JSESt-ST bUf ' er4a ™ S P8rticu,ar,y ad 
to the frame buffer 49. * ' mage data sucn 38 s V stem fonts directly from the computer 

Pixel representation of the object, or he images ZTT^? **" be S,0red * the form of a P* a ' by 
« font is stored, for exampie, in the formaTS tfretaJt ITZ'T"* ^ f0mat ° n,y - The of a 
then -rendered', by the computer 2, in^a curves such as spiines. This outline is 

60. Some advantages of using outline informiZTre Z ST I < ^ Senl for disD,a y °" ^Play 
form and that the object based datTcTnTmlTv b! n, ■ ^ 8b ' e '° be stored in a »"°™ compart 
on its desired display format. A d ^dvaXe ^ and d °™ " rotate * Ending 

« form each time the image is to be dispiayeo Thb d sadTn !" 8t '° n mUSt be rendered into a «* ™P 
storing frequently displayed objects in , S I maooe^ 2? 9 f" 8 """ 8 be a " eviated b * '^hing- or 

One very common image d splayed by a S i, "-Tf t0 those skil,ed in art. 
design of a particular font Lormalfyca^^ 

design of the font, including aesthetic S£^J££?JT ! T ^ * ^ to be used *• 
» Adobe. Truetype or Agfa market a wide «C* i^STi"^ PUrP0S8 - C ° mPanieS SUCh as 
vices. As previously stated, these fonts often take th ^1 °" Oomputor displa y s and P ri "«"9 *- 

and perhaps hinting (eg. inter-chare"^ 

The rendering of outline image data SS^^jT*" " 88d lhe fonL 

troduction of a number of artifacts aTa resTStl ?L * dfeplay device 60 can in the in- 

* Fig. 8 there is shown, by way of example a 5£5l ttZ? ^ ' reS0,u,fon - "«« to 

acter 'A* 227 which is to be rendered on a tzT&ZZXSZ " ?" * 8 lta ~ Roma " cha ^ 
is either replaced by the object's colour or leftunVhS R^f ° f,retattam Ptat rendering, each pixel 
results of this rendering process. As « bfJZ fZ If^T? T * ^ »' there is show " tha "°«°nal 
letter to produce an image with severe Sooir^H^" 9 haS dtet0rted the ori 9'" al 

» along the edges of the letter. 9 J899 ' eS 229 as thev are ^n in the art. especially 

as jess: ksssss^ sir rr d in the art and ara ^ * 

techniques. One such technique is to ZSE ^-SJS^S T£5 by ~ ^ 
to be rendered and the background of the obiect with iwh ? 3 COlour inte rmediate of the object 

' ^"^.ForadescriptionoLtSSShl^ 

puter Graphics: Principles and Practice" S«Z2 T 10 8 Standard taxtbook s "<* as 'Corn- 

Publishing Company, inc. ' d Ed,t '° n by Fole ^ * a «- Polished 1990 by Addison-Wesle^ 

purple and yellow. Saturation i^ItaJS^oit!^ °T 9 "T C ° , ° UrS SUCh 38 red ' V™> 
measure or the eye's perceived intensity ofZ reflet Lh ,T, intenSity ' and ,uminan <» is a 

to alterations in spatial luminance, the J23SJ^JC I" that ,he e ' a is bi 9"'v — »• 

the hue of an image. V ° fte " be,n9 more 8 '9mf cant than the sensitivity to errors in 

^S^^^ir^ errars and any hue ~ that - y 

is achieved by using the spatial «£5£52 XotS ofTf T * * 0 " BBW Siflnif ica "^ Tnfe 
a much higher quality rendering resolution P 8 ^"ga^ent of Fig. 2. toachieve 

a colour defined by the IHuminaHonTall SSrt are^ rtJ^Tl ST*™' ** the back 9 round fe "^ite". 
coiour created by not illuminating any areas m£> pUel P ' ° ,8tt8r ' tSe ' f fe This " bla <*" * ■ 

the SlSS^S^^ ^ti*iS.?^ , r? , * W b/ Payi " 9 Special a ^"«on to 
to or greater than to the number of differeSul^ion lal of the oLT ft?™*' ^ a ^ a « 

th ffct of increasing th resolution of th display aimosl to 2ev?^^ 

b -Pis b yth ba -fa gra ph fc art fe texprc:d:th~ 
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hand is a consequence of fonts often having artistic and aesthetic qualities that ar difficult to automate, in 
addition to automated methods often producing inferior results. 

However, methods of automation of the bitmap creation are highly desirable, especially for images which 
may not be often in use and th need therefore only occasionally arises to display those images. Automatic 
5 methods ar also of great value in situations where the novice user of the computer system is responsible for 
the creation of the object to be rendered on the screen. Hence a simple automated method will now be pre- 
sented. This conversion process assumes that outline information is generally available, and the steps for con- 
version are as follows: 

1. Determine the outline graphics that are required to be displayed, 
10 2. Determine the size of the outline graphics, measured in row and column pixels, and 

3. Scale the outline graphics by a subsampling grid factor, where the subsampling grid is chosen to provide 
an accurate representation of the subpixel arrangement 

Referring to Fig. 11, there is shown an enlarged view of pixel 230 of Fig. 10, including subsampling 
pixel grid 231 and pixel portions 232. In the present example, the subsampling grid is divided into 15 row 
15 squares by 13 column squares. 

Next the following steps are implemented:- 

4. Render the required outline graphics 233 to a bitmap buffer memory of a size equal to the size of the 
scaled outline graphic, and 

5. Count how many sub-sample points are turned on in each pixel portion 232. If greater than or equal to 
20 50% of the sub-pixel is turned on, then mark the sub-pixel portion to be turned on. 

In the present embodiment, the final results of this process is a determination of which sub-pixel portions 
should be illuminated. This information can be stored in a bitmap, with one bit for each sub-pixel portion, with 
a pixel bitmap being stored in 15 bits. 

The above example is directed to the common occurrence of black text on a white background. Extension 

25 to other bi-level colour combinations can be easily achieved. Such bi-level colours, in this case include the 
mixture of colour formed from equal portions of one or more of the primary colours of the display, being the 
colours red, green, blue or cyan, magenta and yellow. The automated methods described above can be applied 
to bi-level colours by alteration of step 5 to only count those pixel portions that would be used in the normal 
creation of that colour. Other colour edge transitions can be achieved by the hand creation of bitmaps to de- 

30 termine the most aesthetically pleasing result. 

The above described method of automation does not always produce totally perfect results. Text displayed 
using this method will often, on close examination, contain colour fringes. Often these fringes are generally 
minor and difficult for the human eye to detect. However the colour fringes will often become more severe as 
the width of the graphic objects decrease. In particular, the above method is often ineffective when used to 

35 render outline graphics comprising extremely thin, substantially vertical lines, something that did not form part 
of the example. Hence, the use of bitmaps produced by hand tuned methods is recommended in this case. 

The bitmaps for a range of pixels can be stored or created in accordance with the operating system or 
graphical user interface of computer system 2 (Fig. 1) and a sub-pixel by sub-pixel representation for each 
desired pixel can be sent to BITBLT engine 90 (Fig. 7) for storage within frame buffer 49. The BITBLT engine 

40 90 generates all of the addresses required for writing a rectangular array of sub-pixels to frame buffer 49. The 
frame buffer 49 includes 15 bits of storage for each pixel, with one bit stored for each sub-pixel area 62-67, 
70-78. A BITBLT engine 90 is provided to transfer multiple pixels at once to the frame buffer 49, with the max- 
imum number of pixels in a single transfer being an area 32x32 pixels wide. 

When utilizing this "Super Fine Mode", the same set of bitmaps can be utilized to display a selection of 

45 colour combinations. These eight "bi-leveP colour combinations comprise the combinations of red, green and 
blue primary colours, being the colour combinations formed from combinations of the primary colours of the 
pixel arrangement of Fig. 2. 

A fine mode colour register 91 is loaded with a value corresponding to the desired background and fore- 
ground colours and acts as a filter when it is desired to utilise Super Fine Mode. All the sub-pixel areas can 

50 then be written to either the background or the foreground colour, depending on the data in the fine mode colour 
register 91. 

A DRAM control engine 93 is responsible for controlling all access to the DRAMs 94-96 of frame buffer 
49, in addition to the production of row and column address strobes and other required control signals for the 
DRAMs 94-96. The DRAMs 94-96 include three 16MBit memory arrays organised as 2Mbit x 8 bits and are 
55 operated in parallel to provided an incr ased data rate, r suiting in a 24 bit DRAM data interface bus. The 
DRAMs are perated in burst mode, with variabl length bursts depending up nth typ of access. 

A DRAM data int rface unit 98, is a high speed interfac abl to accept or transmit data t the frame buffer 
49 in 40nsec (25MHz) and consists of bi-directional latched buffers and multiplexers. 
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th display 60ar bet* rt2^T.£l2^. h « ^« buffer 49 will occur when tt, many lines on 

from th Ln J£? 9 y£S*Z dElif^"** * b6in9 Written to and r ad 

5 thoughdependentonthes^ 

to be adequate. P Y 60, " most 03565 an access ,im e of SOnsec is considered 

buf fe" 5EU!!£S^ to a " d *» - 

perf ine line drawing engine X aSSX ! ST, 1 °° ^ "* RF ° e " 9ine su " 

» is forwarded via pixel read and write £ o^0H04 to dram h ? •t"'. e " 9ine 110 """"Ponding data 
of the addresses are multiplexed S con h o!» 98 ' The rOW and column P«««» 

terface 99 includes a hdSlJSE^^jjIS 0 ^ °° nW en9l ' n9 » The DRAM addres * ■"- 
address required is in the sameDRAMm^ »hJ n B *u ^ fr ° m e3Ch * its sources - Hence, if the next 
When each new^tten IT, ^ ^ ? ^ ^ m0de " 

fs of the line is forwarded to a line chanoe memorTl na «L i ! £ ! f ^ ! 688 mterface unil me addres s 
memory 106 includes a one b» flaX evTy le !f th« ^V^f deteCti ° n 1 ° 7 " The ,ina 
been changed since the last time i i w£!2d hJ£ IT '* USe ° ,0 indica,e if the line »» 

that line is written to by DRAM adirTss Serfat ^^y-^T^^ 1 " 1 ^ ^ ™ mor V io < 
108 whenever that line is updated on^Tl^fJ 1 ' S a ' S ° deared by an update ste,e ™<*ine 
20 will described below) Z "CZ£L ™ZvI » ITt^*" "* " ne fe Updated in Forced Fast Mode (as 
the optimum update order. * " ° y the UPdate State machina 108 

in order to determine 

buffer value is read out via DRAM data interfaca 9ft!^ rW rl . 99 and the reauired f ra ™ 

nif leant two bits of blue valued wt^iT ^ ° ° f red a " d 9reen va,ues ' and on, y »"« most sig- 
*> 2 via a processor interface 7l 2 7tme 2JI »^ f f " f ° rWarded V ' a ,ine 111 back to the computer 

can — - * °~ S t0 »™ the ^ - wHich it 

lines (in the case of the preTemS el! 7 T lhe data ,0 06 disp,a y ed on 311 common 

■ many other cases, the ZZES2r - * ~ 

for a pixel in the line directly to the frame buf Ji ,? *" USed t0 Write 8 Dit "»»> Dattern 

the image displayed on a line is S^^^J^^JST" JT ^ te identical whera 
the red and green colour and one bit for thJ w . . , wh,ch result f rom tne of two bits for 

montorlns »» »™ (tola 115 ss llh Z? ? "»*w ol a line of pixels. ThB Is achieved by 

Unas 1 and » «*J£ZZ£ ^^11"™, " ^ ^ * lem *' » "» 

OR gale 11 s, the result TllT^ f ' " " 

stale n»chl„e 108 at IM staS of eeel, m» "£ T P ™* 11 7 «<" i» «'aa'e<l 118 b/ the apett. 

be described in more detail "Sow).' ^ Upda ' e State machine 108 < whosa o^ration will 

The update state machine 108 determines firstlvwhfithor aii throes „ u •• 
is the case then the corresponding common Ee^«Vi!l 1^ ~ bm>S COntain the same lf tnia 
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buffer 49 and forwarded to the data packer unit with its relevant mode bits being set If each sub-line is to be 
updated separately, then the mod bits for this state is sent to the panel system unit 53, follow d by the reading 
of data for sub-line 2 from the frame buffer 49, followed by reading th data from the f ram buffer 49 for sub 
line 3. This assists in minimising the DRAM data read rates from th fram buffer 49. When the update state 
5 machine 108 is in Forced Fast Mode, sub-lines 1 and 2 are read simultaneously and sub-line 3 can be ignored. 

Although the description of portion 114 of Figs. 2 and 4 has been directed to the line update characteristics 
of the display unit controller 47, it is anticipated that, in order to decrease the processing speed requirements, 
it is desirable to increase the cycle time of the portion 114 by processing groups of pixels in parallel, methods 
of processing pixels in parallel being readily apparent to those skilled in the art. The number of pixels is de- 
10 pendent on the relevant technology used to implement the display unit controller 47. 

A Forced Fast Mode detection unit 107 (Fig. 7) is used to provide for an increased panel update speed 
when a substantial amount of motion is occurring on the display 60. This increased update speed is accom- 
panied by only a small decrease in the image quality of the display for a short period of time. Whenever the 
number of outstanding lines to be updated is above a certain threshold, the update state machine 108 enters 
is a forced fast mode of updating. In this mode, all three sub-lines of a line of pixels on the display 143 are driven 
simultaneously, with the sub-pixels of each data line being forced to have the same values, thereby allowing 
the display to be driven at an update speed three times that which may be otherwise achievable. 

As all the sub-lines are driven together, the quality of the image displayed in forced fast update mode (FFM) 
is temporarily that of a 32 colour display, with digital halftoning being utilised, through the use of sub-dither 
20 unit 126, to obtain an improved form of display. 

With reference to Fig. 7, pixel data to be written to the display 60 is dithered by an optimized dither unit 
127. Pixel data is input to the optimized dither unit 127 in the form of continuous tone 24 bit RGB colour (8 bits 
of red, green and blue). In Fig. 14, there is shown an example of the multi level dither method implemented by 
the optimized dither unit 127. The input range 0 to 255 is divided into 15 intervals delineated by the sixteen 
25 lines 0 to 15. An input value 134 of, say, 53 is divided into two parts, one representing the level at the bottom 
of the interval (level 3) and one representing the portion of the interval that the value of 53 takes. This can be 
simply Implemented by dividing the input value 16 by the number of intervals, in this case 15, which gives a 
result of 3 remainder 8. The remainder portion is then dithered against a set of dither matrix values in the normal 
manner to produce a dithered remainder value that is either zero or one. This is then added to the integer portion 
so of the division to determine a final output value of 3 or 4, depending on the result of the dithering process. 

Referring now to Fig. 14, there is shown the optimised dither unit 127 in more detail. This unit is responsible 
for dithering the 8-bit Red 128, Green 129 and Blue 130 input values to output four bits of dithered red 131 
and green 132 output as well as two bits of blue output 133. 

The red input 128 is divided into its relevant integer 135 and remainder 136 portion by means of Read Only 
35 Memories (ROMs) 137, 1 38. The division is implemented by means of ROMs as a full hardware divide is likely 
to be too complex as a non-binary division process is required. A dither matrix value 139 is simultaneously 
read out of a dither matrix RAM 140. The dither matrix RAM 140 defines a 16 x 16 array of 4 bit dither matrix 
values. The value to be read out is determined by the 4 least significant bits 142, 143 of the current pixel ad- 
dress location. The dither matrix value 139 is compared 145 with the remainder portion 136, and the output is 
40 added to the integer portion 135 by adder 146, to produce a red dithered output value 131. 

The same method is used to derive a dithered green output value 132 from the green input value 129. How- 
ever, the dither matrix value 139 is preferably inverted 147 with respect to the normal red and blue values. 
This inversion process has been found to produce Improved pictures, reducing the amount of luminance noise 
in the final dithered image. 

45 As there are only four levels of blue output 133, the dithering of the blue input proceeds by dividing the 
input by 3, producing an integer portion and a remainder portion. The remainder portion only being defined to 
the level of four bits. A similar process of comparison 151 and addition 152 is then used to produce dithered 
blue output 133. 

Referring again to Fig. 7, the sub dither unit 126 takes pixel input data, intended for display of pixels in 
so Normal Mode, comprising 4 bit red, 4 bit green and 2 bit blue component and 're-dithers' or 'sub-dithers' the 
input pixel components so that the output from the sub-dither unit 126 comprises 2 bit red output 2 bit green 
output and 1 bit blue output suitable for use in Forced Fast Mode. 

Referring now to Fig. 15 there is shown, in more detail, the sub dither unit 126. This unit is responsible for 
taking a four bit red input 155, a four bit green input 156 and a 2-bit blue input 157 and producing a 2-bit red 
55 155 and green 156 output in addition to a 1 bit blue output 157. 

Th red output 159 is produced by taking th red input 155 and dividing it by 3 to form an integer 162 and 
r maind r part 163. Again division in th form of a ROM lookup table can be used. The r mainder portion 163 
is again compar d against a dither valu 165 and the result add dtoth integer portion to form dithered output 
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lle^nZ^e^L'T 5 ' Similarma " ner tothe red ™W «* ^wever, the dither matrix input 

h-. 2 n J J !il i2in ? ^ rC8d FaSt Mode ' 0nce the number of fining lines to be updated drops below a ore 
determined threshold, the Normal Mode of updating is restored and this mode proceed toTSore a^ of the 
panel to the full possible image quality. An entire horizontal band of pixels encSnSssino tlSe fn« 2J5 

Z£2? in H orced , F f Mode (FFM) wi " suffer a 8,19,11 tem ^ SSSTSC^S 

regions suffering i degradation will include horizontally adjacent areas not logically associated wtth the porSn 
of the image that ,s moving or changing. Under most circumstances, the degradation may no7be noticeTbte 
however, and usage of FFM can be easily disabled if necessary resulting ina display having a stoweJ^ate 

Turning now to Fig. 16, there is shown the forced fast mode detection unit 107 of Fig 7 in more detail 
This includes a FFM threshold register 1 68, which can be preloaded from the processor nterfece to conSin 
a desired level value before FFM is activated. The number of outstanding linesTb^d^ 

tinT °. ST If ™ 8 ^ fe inCrement8d b * ,h * DRAlJaddress iZZSTa Tea^h 
t me a line ,n the frame buffer 49 is altered, and decremented by the update state machine 108 (So £ 111 
htm a line is read out of the frame buffer 49 to the display 60 ( 9 " ^ each 

A comparator 170 is used to compare the two values in FFM threshold register 168 and lines to uodate 
counter 169 to determine if the Forced Fast Mode should be entered. A resulted FFM •^7iT£S£ 

hT h -:,^ 

stete^actneT^Th^" " ^ * ' '° W ^ 174 ° f the Update method implemented by the update 

The method shown in the flow chart 174 begins by incrementing a counter (n) 175 to determine the n«t 
candidate line for updating. The line change set flag of the line change memory 106 (^7) ^3^^ 176 

Ite IT ?T? t " date . ^ bee " a,tered Since il was '^ examined" Hit C no ZTZu^ 

macnine Exited ^ re3Ch,n9 " - ° f ~" ^ «"* >° rtio " 178 - *e — 
Upon a determination that the candidate line requires updating 176 the flao is cleared 17Q a „w „ «!„.,«. 
is ■«,,«, to the forced fast mode detection unit 107 (F^, to SecremenVt'hl S^E 

imH °"" 8 ^"d^te line has been determined to be updated, a decision must be made as to what mode to 

Mo?e Th , eterm T™ iS fir8t made 183 88 10 lin « -hould be updated hTo^S 

Mode. Th,s determination will be dependent on the state of the FFM signal 171 <Fio 16) If FFM l ^tl 1 

then updated s,mutaneously 1 86. The line change flag for the candidate line is also set 1 87 soZTvSen fhe 

If .SET - ' 'I? T ^ ,iTO Wi " b8> at 8 ,8ter time ' rewittan in a "fcheVimage quaCcT 
If a determmahon » made 183 to not enter FFM. then the pixel data for the line is read from he 

IS? £r:-T V de8Cribed With reference to R 9- 12 ' 8 determination 18 8 Ts ^adTas ZhrtheTthe 

l£ £ ?2 '? y T ^ ^ " the lhree 8ub - ,ines are the sa ™. they are updated NiSSSS 
and the update state machine continues to a refresh decision 178 simultaneously 

If all three sub-lines are not the same, a determination 1 90 is made as to whether the outer two suh-iin*. 

rresn takes place. Hence, if the current value of the refresh priority counter is not eoual to eiohteen 17a th» 
refresh priority counter is incremented 197 before returning to process the n xt Sn^TS 

Once the refresh priority count r reach s ight n, a refresh cycl isund rtak n whereby the refresh nri 
rtty counterls cleared 198 and th next refresh .in isdet m*Z.KminBhm*T^^R 
Hn change memory 106 (Fig. 7), then the refresh cycle is skipped 200. otherwise, th Vm Ts reLsh d 20 
As se n ,n F,g. 7. the pixe. information for the particular line, or sub-line portion thereof J2U5£ 
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the data packer unit 123. This packag s the data required to represent a line as a line data packet. 
Turning now to Fig. 18, a data packet 206 includes: 

- A synchronisation word 207 (two bytes long). 

- Line data 208, d pendent on the number of pixels present In the preferred mbodiment 1 ,334 bytes of 
line data is pres ntfor a display having 2000 pixel per line. Some compression can be achieved through 
the packing of three pixels into 15 bits in two bytes. 

- Mode data 209, specifying the combination of sub-lines to be written for the current line. 

- Spare Data Area 210, provided for future expansion. 

Conveniently, the mode data area 209 is sent after the line data area 208. This is advantageous as the 
mode data cannot be determined until after the line data has been read from the frame buffer 49. Placing the 
mode data last avoids the need to store the line data. 

The data for each pixel on a line is sent in reverse order, with the last pixel on a line being sent first. This 
allows for data to be shifted into the relevant data line drivers of the display panel 60. 

The synchronisation word 207 should normally be redundant as each packet will have a predetermined 
length. However, as seen in Fig. 1 , in the case of a data transmission fault, synchronisation may be lost between 
the display unit controller 47 and panel controller 53. In this situation, the panel controller 53 is able to re-syn- 
chronise on the occurrence of the synchronisation word 206, with the synchronisation lock occurring when syn- 
chronisation words occur 1 ,340 words apart. 

As line data consists of data packed into 15 bit words, the synchronisation word is distinguished in that it 
is the only word that has its bit 15 set. As it is possible that the transmission fault may also cause the loss of 
byte synchronisation, causing bit 7 to be indistinguishable from bit 15, a two word synchronisation word is pro- 
vided. 

As seen in Fig. 1 , the display unit controller47 sends its data to the panel system unit 55. The panel system 
unit 55 includes a backlight power supply 212 designed to control a backlight (not shown) for a display 60. The 
display 60 is arranged as containing 2,000 pixels on a line by 1 ,600 lines of pixels, with each pixel in the form 
as previously described with reference to Fig. 2. Data in packets from the display unit controller 47 are for- 
warded by cable 52 to the panel controller 53 which forms part of a panel system 55. 

The pixel system 55 and display interface unit 45 communicate via a serial communications link connected 
between a panel microcontroller 215 contained within panel system 55 and a serial communications port 216 
(Fig. 7) contained within display unit controller 47, provided for receiving information from the panel system 
55. This information is stored in a serial register 217 of the display unit controller 45 and includes the current 
operating temperature of the display panel. The operation speed of ferroelectric liquid crystal devices is known 
to be temperature sensitive. Hence, there is a temperature sensor 218 (Fig. 1) is provided, placed on the display 
to measure the current display temperature. The temperature value is forwarded to microcontroller 215 where 
it undergoes analog to digital conversion before being forwarded to serial register 217. 

As noted previously with reference to the pixel layout 61 of Fig. 2, each pixel of the display 60 is controlled 
by three common lines and five drive lines. Therefore, for a 2,000 x 1,600 pixel display, the total number of 
power lines on the display will be: 
5 x 2,000 = 10,000 drive lines 
3 x 1,600 = 4,800 common lines 

The large number of drive and common lines are connected at the exterior of the display 60 to correspond- 
ing driver chips 57, 58, 59. Connection can be by means of ansiotropic connectors and tape automated bonding 
(TAB) techniques known to those skilled in the art The odd pixels drive lines are connected at the top of the 
display, the even pixels at the bottom, and the common drive lines are connected at the side. 

Referring now to Fig. 1 9, there is shown a schematic view of the panel system unit 55 in more detail. The 
panel system unit is responsible for the demultiplexing and distributing of data from the display unit controller 
47 (Fig. 7) to the various data and common drive lines of the display. Data is fed to the panel system unit 55 
by means of the cable 52 which contains data 237, clock 238 and outgoing serial information 239. The data 
and clocking information is fed to the panel controller 53 via line balancing receivers 240. 

As noted previously, the panel system unit 55 also includes a temperature sensor 218 connected to the 
display panel 60 and designed to sense the current temperature of the display 60. As is known in the art, the 
maximum operating speed of a ferroelectric switching element is dependent on its operating temperature. A 
reading obtained for the panel temperature is input to the analogue to digital converter of the 8-bit microcon- 
troller 21 5. Additional controls are provided for allowing the setting of contrast 242 and brightness 243 respec- 
ts ly.Th temp rature, contrast and brightness! velsar d terminedbyth microcontroller 215 and forward- 
ed t th panel controller unit 53, in addition to being forwarded to th display interface unit 45 (Fig. 7) via 
serial lin 239. Additionally, a variable voltage panel power supply 213 is used to provided the required power 
to th display and associated circuitry, under the control of th microcontroller 21 5. 
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The panel controller 53 divides pix I data for each line into odd (numbered) pixel data and even pixel data 
Th odd pix I data is feed along odd pix I data bus 245 to a first of a s ri s of TAB mount d pixel drivers 57 
Similarly even pix I data is f d to a series of even pix I driv r TABs 59. Pixel data is shifted from one TAB 
dnver to th next via shift registers within each driver TAB. 

Once the pixel data is in its correct position, one of the common line driver TABs 58 is activated by a TAB 
ch.p enable signal 247. Each common line driver TAB 58 controls 120 common lines or 40 separate lines of 
Pixels. A line enable signal 248 from panel controller 53 determines which line of pixels, within a common line 
dnver TAB. to enable. Similarly a mode signal 249 determines whether one. two or three common lines will 
be simultaneously enabled. 

Moving now to Fig. 20. there is shown, in more detail, the panel controller unit 53 of Fig. 19. The panel 
controller unit 53 is primarily responsible for the distribution of data to the various driver TAB chips 57, 58. 59 

The input data packet for one line comprises 1340 bytes, with the first two bytes being synchronisation 
detection bytes. Therefore, there is provided a synchronisation word detector 250 to detect the occurrence of 
a synchronisation word, which is the only word which has a bit 1 5 set. Normally the detector is not required as 
synchronisation should occur every 1340 bytes, however the synchronisation detector is required should as 
explained previously, synchronisation be lost. A synchronisation counter 251 is provided to signal when a new 
line should be starting, and is reset by timing control and state machine 253. The synchronisation counter 251 
is preferably programmable to allow for the control of different panel sizes 

a» T |? e d0Ck , Si9 " al 238 iS divided by tW0 254 10 provide an «" PW dock 255 and an even pixel clock 
256 which are used to drive the odd and even pixels of a given line respectively 

Following the synchronisation word, there are 1 ,334 bytes of pixel data, with the last pixel being sent first 
Each pixel data ,s sent to an odd pixel data register 258 and an even pixel data register 259, before being seni 
out on odd pixel data output 260 and even pixel data output 261. 

Subsequent to the pixel data, the relevant line address is forwarded as a two word byte The most sionif- 
icant byte (MSB) is latched by a MSB register 262 and the next least significant byte address (LSB) is latched 
by LSB register 263. Finally the mode of driving the panel is latched by mode register 264 

As seen in Fig. 19 and Fig. 20. the signals from the panel controller 53 are used to drive the series of com- 
mon me dnver TABs 58. Af irst signal 247. output from the MSB register 262 is used to select the desired com- 
mon line dnver TAB. A second signal 248, derived from the line address LSB register 263, is used to determine 
which lines are to be enabled within the selected common line driver TAB. Finally, the number of lines to be 
dnven simultaneously is determined by the mode signal 249 derived from the mode register 264 

Each of the common line driver TABs 58 is used to control and drive 120 display common lines 266 

Referring now to Fig. 21 , there is shown a generic common line driver TAB 58 in more detail. A particular 
common line driver TAB is chosen by a common line driver enable signal 268, which is derived from the "AWD 
mg" together of active high 269 and low 270 chip enable signals 247. 

a fT Ch ^T! n " ne TAB 58 " U86d to drive 40 lines * pbce,s ' and tne line ena *>'e signal 248 is decoded by 
decoder 271 to determine which line of pixels is to be activated. For the purposes of the present discussion 

v£ I JT™? -fii he ,irSt " ne the 9rOUP * 40 lines CO"™'"* by the common line TAB 58 is selected 
273 by the decoder 27 1 . 

hh J? 6 °l driVi " 9 SelfiCted " ne ° f Pixels is Controlled bv «**• si 9" al '"P" 1 249 in conjunction with 
dnve hne control circuitry 274. Atop mode line signal 276 is used to control the activation of top common line 

miSXSt 8 °,? ft midd,e T* 277 b US6d to M aC,ivati0n ° f the midd,e ~ »" a 81, ana 
I22?!r£!? U COntr ° l the b °' t0m C ° mm0n " ne 82 " Additi °n a «y. a common line driver ac- 

nZ selected 18 eaCh ° UtPUt C ° mm0n Hne driver 280 10 activate me dri vi"9 <* the common 

nti^T^*, ^ ?; d « USSed Previ0usly ' P 3 " 61 controller 53 * responsible for forwarding odd 

2S1 L ?h «?, » nVerS , 5 , 7, and eVe " P ' Xel d8te 10 even P^' drivere »• Each pixel driver e.g. 57. 
latches the pixel data from its pixel data bus 245, under control of the pixel clock signal 255. As the odd pixe 

r^ri^ 

2,000 x 5 / 2 = 5, 000 pixel drive lines 

dri Je a ?^57 d S ^ ^ ^ 18 d6Sl9ned t0 dHVe 8 120 dlSP,ay driV6 lln6> the number 0f °* data ,lne 
5,000/120 = 42 
Similarly, the number of even pixel driver TABs 59 will also b 42 

l^trhS'rf i the "** h ™ n a data ,lne driver TAB e -9- 57, 59 which includ s a shift regist r 282 and transfer 
latch 283. Data is shift d from one pixel driver TAB to th n xt on pix I data bus 245 upon th occurr nee of 
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pixel clock signal 284. 

Clock regen ration circuit 285 acts to delay the clock signal simultaneously with the d lay time of shift 
register 282. The rate of the clock signal is approximately 9.5MHz, the actual speed being dependent on the 
desir d I in update rat of the display. 

After a predetermined number of clock cycles, and when all data has been shifted to its correct position 
for display, a pixel transfer signal 286 is activated by timing control and state machine 253 (Fig. 20). This results 
in the transfer of the information 287 stored in the shift register 282 to the transfer register 283. 

Finally, an enable signal 288 is sent by timing control state machine 253, thereby enabling display line 
drivers to drive the output of the display simultaneously with the activation of the even pixel drive lines and 
the even pixel drivers 55 and the required pixel common line driver TAB 59. 

Figs. 23 and 24, show a final form of the workstation display 1 , with Fig. 23 showing a front view and Fig. 
24 showing a side on view. The final workstation display 1 which includes the panel system unit containing a 
display 60 mounted by means of tilt joint 290 and a support base 291 which is in turn mounted on a base com- 
puter 2. The display 60 is connected to the base computer 2 by an interface cable 52 and a power cable 292. 
The support base 291 is designed to carry the variable voltage power supply 213. 

Fig. 25 shows the interior of the base computer unit 2 via a cross-section taken through the line XXV-XXV 
of Fig. 23. As discussed previously, the base computer unit 2 includes a hard disk drive 17, a keyboard con- 
nector 36, memory card readers 11, 12, a CD-ROM drive 20, a microprocessor 5, memory storage 7, a power 
supply 10, a general expansion unit 43, a display interface unit 43, a speaker 34, and cooling fan 294. In ad- 
dition, a number of input/output ports including a power connection 293, a SCSI port 21 , ethernet connectors 
26, 30, serial A and B connectors 23, 24 and left and right audio channels 32, 33 are also provided. 

The foregoing describes only one embodiment of the present invention. Modifications, obvious to those 
skilled in the art, can be made thereto without departing from the scope of the invention. 

The entire disclosure of each priority application mentioned in the present Request for Grant, and the entire 
disclosure of our four copending European patent application Nos (representa- 
tives ref. 2355030, 2355430, 2355530 and 2355630), are hereby incorporated herein by reference. Copies of 
the four European applications, which are being filed on the same day as the present application, are available 
for inspection on the file of the present application. 



Claims 

1. A computer work station (1 ) or other image display apparatus comprising: 

a computation and data manipulation unit (2) including means for the creation and manipulation of 
images, said computation and data manipulation unit being connected to a frame buffering means (45) 
and being adapted to store images in said frame buffering means; 

said frame buffering means comprising a frame buffer storage means (49) for the storage of im- 
ages; and a frame buffer controller means (47) connected to said computation and data manipulation unit 
(2) and also connected to a high resolution discrete level display device (55); and 

said high resolution discrete level display device (55) including a plurality of pixels (61) which are 
arranged in an array of substantially parallel lines, with each pixel in a line having a plurality of common 
drive lines (80-82); 

wherein images created or manipulated by said computation and data manipulation unit (2) which 
are to be displayed on said high resolution discrete level display device (55) are stored in said frame buffer 
(49) and subsequently displayed on said high resolution display device (55). 

2. A computer work station as claimed in claim 1 wherein said multiplicity of common drive lines (80-82) of 
said line of pixels is capable of being driven in a number of different modes and said frame buffering means 
includes means (457) for determining a driving mode for said line of pixels. 

3. A computer work station as claimed in claim 2 wherein each pixel has three common drive lines. 

4. A computer work station as claimed in claim 1 wherein said frame buffer controller means (45) includes 
a region fill engine (223) adapted to fill regions of said frame buffer (49) with colour information, said re- 
gions being defined by addresses g nerated by said computation and data manipulation unit (2). 

5. A computer work station as claimed in claim 1 wherein said frame buff r contr Her m ans (45) includes 
an imag fill engine (221) adapted to fill regions of said frame buffer (49) with imag information, said 
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regions being defined by addresses general d by said computation and data manipulation unit (2). 



6. A computer work stat.cn as claimed in claim 1 wherein said frame buff r controller means (45) includes 
a f ,ne hne drawing means (226) adapted to draw lines in said frame buff r (49) from a fret Si to a second 
port. sa,d points being generated by said computation and manipulation W™ 9 ™*™***'"™* 



7. 



A computer work station as claimed in claim 1 wherein said frame buffer(49) stores dithered i 



image data. 



8. A computer work station as claimed in claim 7 wherein said frame buffer controller means (45) dither* 
said ,mage data before storing said dithered image data in said frame buffer ^49) ^ 

9. A computer work station as claimed in claim 7 wherein said frame buffer controller means (45) further 

sst na ssssr - said diihered imase ^ ™™ ~ ~%sz 

1 °' iSSZ 7?****" 88 , C,a,med daim 1 Wh6rein Said h & h resolutfo " *«*«» 'evel display device 
22 l»fn f ° Pane ' COntr °" er means < 53 > connected to sa « frame buffer stroller means^S 

and said frame buffer controller (45) reads current line display information from said frame buffer 49 
and forms current line display data packets containing line location data, line pZ date and dlsotev^ mii 

™Z7S%:zrT m r: determinin9 ^myT^iZ^ 

each said pixel are to be simultaneously driven to display said line pixel data. 

11 ZZZX™ 0 " as daimed in daim 1 wherein said hl9h reso,utton discrete -*» 

of the dCaTaT *~ ** ^ ^ ^ ^ "** ° f ° dd and even data <** ^ « P-.s 

oixel iSiS^SZ T (53> C ° nneCted 10 Said f rame bufferi "9 means < 45 > a "< to ^id odd and even 
pixel date drivers (57, 59) to receive pixel date from said frame buffering means (45) and to distrST 

odd pixe, data to said odd pixel data driver (57) and even pixel data to said Z%*££££* 

12. A computer workstation as claimed in claim 1 wherein said display device has a memorv characteri*!, 
and said frame buffer controller means (45) further comprises Y charactenst,c 

said ^JZVZET* meanS <112) inPUt,,n9 d,SP,ay Uf>date inf0rmati0 " to a "uffer in which 

line update detection means (107) connected with said input means for detecting those lines of said 
image on which said update information occurs; and oraeiecungtnoselinesof said 

update controller means (456). connected to said frame buffer to receive line date theref mm »„h 
connected to said line update detection means (107) to receive update ZEZl^IESiS 

zttzsssszzr iines ofsaid disp,ayed ^ - - *- ~<ssss 

13 ' i^S^^^T 88 ° ,aimed in daim 12 Wherein 8aid "P^ 8 controller means (456) from time to 
time refreshes other lines on which no update information has been detected. 

14. A computer work station as claimed in claim 12 wherein said update controller means (456) include* 

16 ' i-^T* k W0 ^ S, ! ti0n 88 daimed C,aim 14 wherein said *"«* ™de comprises driving a predeter 
mined number of independently driveable conductive common lines (80-62) silltaneo3y 

17. A comput r work station as claimed in claim 12 wherein said update contrail r means includes common 
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18. A computer work station as claimed in claim 12 wherein said common line det rmination means (119) de- 
termines if all the common lines ar to display the same information. 

19. A computer work station means as claim d in claim 17 wherein said updat controller means (114) in- 
clud s combination driving means for driving said combination of said common lines simultaneously wh n 
said common line determination means detects said same combination. 

20. A computer work station as claimed in claim 1 2 wherein said frame store input means includes dither value 
determination means (127) for determining dither values for storing in said frame buffer 

21. A computer work station as claimed in claim 1 wherein said pixels (61) comprises a plurality of indepen- 
dently alterable luminance areas (62-67, 70-75, 76-78), and said frame buffer (49) includes storage por- 
tions corresponding to the current state of each independently alterable luminance areas. 

22. A computer work station as claimed in claim 1 wherein said frame buffer input means includes direct value 
transfer means (90) for storing in said frame buffer said storage portions. 

23. A method of updating a display said display comprising multiple lines of pixels (61) each of said pixels 
having a memory characteristic, said method comprising the steps of: 

(i) determining those lines of the display that are to be altered; 

(ii) carrying out alteration of a first predetermined number of those lines; 

(iii) refreshing a second predetermined number of said lines other than those lines to be altered; and 

(iv) after step (ii), repeating steps (i) to (iii) as required to update all those lines to be altered. 

24. A method of updating a display as claimed in claim 23 wherein said updating step (ii) further comprises 
the step of: 

(v) determining the number of altered lines of the display to be altered and updating said lines in 
a faster mode when said number exceeds a predetermined threshold. 

25. A method of updating a display as claimed in claim 23, wherein said pixels (61) are arranged in image 
lines, with each image line being controlled by a plurality of intersecting drive lines and common lines, 
said common lines (80-82) being capable of being independently driven, and said pixels are able to be 
controlled by the simultaneous driving of intersecting drive lines and common lines to a predetermined 
setting, wherein said updating step of said method further comprising detecting if a plurality of said com- 
mon lines have equivalent drive line data and, if so, updating said common lines together. 

26. A method of updating a display as claimed in claim 24, wherein said pixels are arranged in image lines, 
with each image line being controlled by a plurality of intersecting drive lines and common lines, said com- 
mon lines being capable of being independently driven, and said pixels are able to be controlled by the 
simultaneous driving of intersecting drive lines and common lines to a predetermined setting, wherein said 
step (v) comprises updating a predetermined number of drive lines together. 

27. A computer work station as claimed in claim 1 wherein said display device (55) includes a multiplicity of 
pixels arranged on lines, each pixel being ind rvidualy settable to a plurality of different states through the 
intersection of data drive lines (84-88) and common drive lines (80-82), with each line of pixels having a 
number of common lines, and said display device further comprising a panel display controller (55) com- 
prising: 

display packet input means (53) adapted to receive inputted line pixel data packets from said frame 
buffer means comprising pixel data for a line of pixels, line location data for determination of a currently 
active line of said display, and mode data information for determination of the mode in which to drive said 
currently active line of said display; 

a plurality of pixel display data line drivers (57, 59), connected to said display packet input means, 
said pixel display data line drivers (57,59) receiving said pixel data from said input means and forwarding 
said pixel data to corresponding data drive lines for the setting of each pixel on a line; 

common iin driver d coder means (53) connected to said display packet input means to d code 
a corresponding activ common Iin driver and a corresponding activ common line from said line locati n 
data and to activat n of a plurality of common line driv r means; 

a plurality of common Iin driver means (58) connected to said input means and to said common 
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(54) Controller for a display with multiple common lines for each pixel 



(57) There is disclosed a system (45, 55) for con- 
trolling a high resolution colour discrete level display de- 
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mon lines (80, 81 , 82) for each line of pixels. A frame ^ 
buffer controller system (45) is disclosed which is adapt- ^ 
ed to utilise the multiple common lines in a number of 
different modes, producing a number of different output 
speeds for the display. Means (126, 127) are also dis- 
closed for dithering the pixel data in accordance with the 
output modes. Further, the system is capable of display- 
ing images, such as fonts or the like, at an increased 
resolution than that which would otherwise be possible. 
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